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(57) ABSTRACT

(Problems) To provide a therapeutic agent for infections com-
prising granulysin as an active ingredient which has little side
effect and no cytotoxicity and to which bacteria can hardly
acquire resistance, and a treatment method using the same.
(Means for Solving Problems) The present invention pro-
vides a therapeutic agent for infections comprising as active
ingredient: 15K granulysin, a combination of 15K granulysin
and 15K granulysin in vivo expression vector, a combination
of 15K granulysin and at least one interleukin selected from
1L-6,11.-23 or I1.-27, a combination of 15K granulysin in vivo
expression vector and at least one interleukin selected from
1L-6, 1L.-23 or IL.-27, or a combination of 15K granulysin in
vivo expression vector and HSP65DNA and IL-12DNA in
vivo expression vector, which enhances killing effects on
bacteria and has less side effect, and to which bacteria can
hardly acquire resistance, and a treatment method using the
same.
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THERAPEUTIC AGENT FOR INFECTIONS,
AND TREATMENT METHOD USING SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application is a divisional application of co-pending
U.S. patent application Ser. No. 13/604,645 filed on Sep. 6,
2012 which was a divisional application of co-pending U.S.
patent application Ser. No. 12/386,974 filed on Apr. 24, 2009
which was a continuation-in-part of then co-pending U.S.
patent application Ser. No. 10/921,091 filed Aug. 17, 2004.
U.S. patent application Ser. No. 10/921,091 is based on and
claims priority to Japanese Patent Application No. 2002-
45865, (Filed on Feb. 22, 2002,—(based upon and through
PCT/IP2003/001970) and the entire content of which is
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a therapeutic agent for
treating infectious diseases such as tuberculosis, and a treat-
ment method using the same.

BACKGROUND OF THE INVENTION

In medical care, it goes without saying that a therapeutic
agent for infectious diseases is indispensable. At present, a
number of therapeutic agents for infections such as antibiot-
ics and synthetic antibacterial agents are provided to be used
in medical care.

However, currently, an antibacterial agent which is mainly
provided as therapeutic agent for infections has in fact an
unavoidable problem; appearance of drug resistant bacteria.
That is, a new antibacterial agent leads to produce a new drug
resistant bacterium, and such a sarcastic state continues until
now.

For example, tuberculosis occupies the first position of a
death rate among single infectious diseases, and its increasing
tendency becomes a worldwide problem. Further, a drug
resistant bacterium having resistance to almost all antibiotics
has been confirmed, and this problem has been obvious.

Recently, it has been revealed that granulysin, which is a
molecule expressed in Natural Killer cells (NK cell) or Cyto-
toxic T Lymphocytes (CTL), has direct ability to kill and
injure bacteria such as Mycobacterium tuberculosis [Stenger,
S. et al., Science 282, 121-125 (1998)].

Granulysin is produced as a precursor of 15K and, there-
after, processed into 9K in a cytotoxic granule. It is known
that this 9K granulysin has antibacterial activity (Pena, S. V.
etal., J. Immunol, 158, 2680-2688 (1997)).

However, it is necessary to use a perform, which is a mol-
ecule derived from the same cytotoxic intragranule, to allow
9K granulysin to show the antibacterial activity. This is
because perform perforates a target cell, 9K granulysin enters
into the cell therethrough, and 9K granulysin introduced into
the target cell kills and injures an infecting bacterium in the
cell [Stenger, S. et al., Science 282, 121-125 (1998)].

Accordingly, it is necessary to administer perform simul-
taneously to use 9K granulysin as a therapeutic agent for
infections. However, as described above, perform shows
cytotoxicity (Pena, S. V. et al., J. Immunol, 158, 2680-2688
(1997)), and therefore its administration may cause consid-
erable side effects.

In addition, the present inventors produced 9K granulysin
transgenic mouse and 15K granulysin transgenic mouse, then
intravenously administered 5x10°> CFU of H37Rv Mycobac-
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terium tuberculosis through tail vein in each mouse and a
wild-type control mouse respectively, and after 4 weeks, mea-
sured the numbers of Mycobacterium tuberculosis in lungs of
each mouse, and confirmed that the number of Mycobacte-
rium tuberculosis in the lung of 15K granulysin transgenic
mouse is more reduced than that of 9K granulysin transgenic
mouse with a statistically significant difference (p<0.05; Stu-
dent’s t Test). Thus, the present inventors are the first to find
that 15K granulysin has significantly stronger killing effect
and suppressing eftect on Mycobacterium tuberculosis in
vivo than 9K granulysin. In addition, the result suggests that
9K Granulysin has very weak suppressing effect on Myco-
bacterium tuberculosis in vivo.

SUMMARY OF INVENTION

Based on the above aspects, the present invention provides
a therapeutic agent for infections, to which bacteria acquire
less resistance, and which has different characteristics from
antibiotics, and has no cytotoxicity and less side effects. Also,
the present invention provides a treatment method using the
therapeutic agent.

In order to solve these problems, the present inventors
intensively studied. As a result, the present inventors found
out a novel pathway, wherein 15K granulysin remains as itself
without receiving its processing outside cells, while it is intro-
duced into a macrophage without being perforated by per-
form, thereafter, it becomes activated to kill and injure bac-
teria phagocytosed into a macrophage.

That is, the present inventors found out that use of 15K
granulysin showing no cytotoxicity itself as an active ingre-
dient makes it possible to provide an efficacious therapeutic
agent for infections which has little side effect and to which
bacteria can hardly acquire resistance, and a treatment
method using the therapeutic agent.

Further, the present inventors found out that, in addition to
administrating 15K granulysin, an administration of a vector
in which a gene encoding 15 K granulysin is incorporated to
express 15K granulysin in vivo (hereinafter referred to as
“15K granulysin in vivo expression vector”) shows no cyto-
toxicity and stronger killing effect on bacteria than that of
15K granulysin itself or of 15K granulysin in vivo expression
vector itself.

Further, the present inventors found out that, in addition to
administrating 15K granulysin, an administration of at least
one interleukin selected from the group consisting of inter-
leukin 6 (hereinafter referred to as “IL-6”), interleukin 23
(hereinafter referred to as “I.-23”) and interleukin 27 (here-
inafter referred to as “IL-27") shows no cytotoxicity and
stronger killing effect on bacteria than that of 15K granulysin
itself or at least one interleukin selected from the group con-
sisting of interleukin 6, interleukin 23 and interleukin 27
itself.

Furthermore, the present inventors found out that, in addi-
tion to administrating 15K granulysin in vivo expression vec-
tor, an administration of at least one interleukin selected from
the group consisting of IL-6, 11.-23 and I1.-27 shows stronger
killing effects on bacteria than that of 15K granulysin in vivo
expression vector itself or at least one interleukin selected
from the group consisting of interleukin 6, interleukin 23 and
interleukin 27 itself.

Next, in addition to administrating the 15K granulysin in
vivo expression vector, HVI-envelope HSP65DNA and I1.-12
DNA in vivo expression vectors on Mycobacterium tubercu-
losis (M. tuberculosis) created by the present inventors
(Okada et al, Jpn. J. Clin. Immunol., 31 (5) 356-368 (2008))
(Hereinafter, referred to as “HSP65DNA and IL-12DNA in
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vivo expression vectors”) were administered. This HSP65
DNA and IL-12DNA in vivo expression vectors show the
strongest treatment effect to not only mouse family but also
Macaca fascicularis family which is considered as the closest
model to human in terms of tuberculosis infection.

HSP65DNA and IL-12DNA in vivo expression vectors are
prepared by incorporating 65 KDa heat-shock protein DNA
(HSP65DNA) of M. tuberculosis H37Rv and IL-12 DNA into
an envelope of Sendai virus (HV1J), and it is known to show a
strong treatment effect on M. tuberculosis. It was confirmed
that an administration of 15K granulysin in vivo expression
vector in addition to the HSP65DNA and IL-12DNA in vivo
expression vectors further improved killing effect on M.
tuberculosis.

The present invention provides a therapeutic agent for
infections comprising 15K granulysin as an active ingredient,
which is effective and has no side effect, and a treatment
method using the same. Also, the present invention provides
a therapeutic agent comprising a combination of 15K granu-
lysin and 15K granulysin in vivo expression vector, a combi-
nation of 15K granulysin and at least one interleukin selected
from IL-6, IL.-23 or IL.-27, a combination of 15K granulysin
in vivo expression vector and at least one interleukin selected
from IL-6, I1.-23 or IL.-27, or a combination of 15K granul-
ysin in vivo expression vector and HSP65DNA and
IL-12DNA in vivo expression vectors, which has no side
effect and shows killing effect on M. tuberculosis, and a
treatment method using the same.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing antibacterial effects of 15K
granulysin on M. tuberculosis.

FIG. 2 is a view showing treatment effects of 15K granul-
ysin recombinant protein and 15K granulysin in vivo expres-
sion vector in liver of mice (DBA/1) intraperitoneally-in-
fected with M. tuberculosis.

FIG. 3 is a view showing treatment effects of 15K granul-
ysin recombinant protein and IL.-6 in spleen of mice (DBA/1)
infected with M. tuberculosis by aerosol.

FIG. 4 is a view showing treatment effects of 15K granul-
ysin in vivo expression vector and IL-6 in spleen of mice
(DBA/1) infected with M. tuberculosis by aerosol.

FIG. 5 is a view showing treatment effects of 15K granul-
ysin recombinant protein and IL.-6 in liver of mice (BALB/c)
infected with M. tuberculosis by aerosol.

FIG. 6 is a view showing treatment effects of 15K granul-
ysin recombinant protein and IL.-6 in lung of mice (BALB/c)
infected with M. tuberculosis by aerosol.

FIG. 7 is a view showing treatment effects of 15K granul-
ysin recombinant protein and 15K granulysin in vivo expres-
sion vector in liver of mice (DBA/1) infected with M. tuber-
culosis by aerosol.

FIG. 8 is a view showing treatment effects of 15K granul-
ysin recombinant protein and 15K granulysin in vivo expres-
sion vector in spleen of mice (DBA/1) infected with M. tuber-
culosis by aerosol.

FIG. 9 is a view showing treatment effects of 15K granul-
ysin recombinant protein and 11.-23 in spleen of mice (DBA/
1) infected with M. tuberculosis by aerosol.

FIG. 10 is a view showing treatment effects of 15K granu-
lysin recombinant protein and IL.-23 in liver of mice (DBA/1)
infected with M. tuberculosis by aerosol.

FIG. 11 is a view showing treatment effects of 15K granu-
lysin recombinant protein and IL.-23 in lung of mice (DBA/1)
infected with M. tuberculosis by aerosol.
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FIG. 12 is a view showing treatment effects of 15K granu-
lysin in vivo expression vector and I[.-23 in spleen of mice
(DBA/1) infected with M. tuberculosis by aerosol.

FIG. 13 is a view showing treatment effects of 15K granu-
lysin recombinant protein and I[.-27 in lung of mice (BALB/
c) infected with M. tuberculosis by aerosol.

FIG. 14 is a view showing treatment effects of 15K granu-
lysin in vivo expression vector and HSP65DNA and
IL-12DNA in vivo expression vectors in liver of mice (DBA/
1) infected with M. tuberculosis by aerosol.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be explained
below.

A. Active Ingredient of Present Therapeutic Agent

15K granulysin used as an active ingredient of the present
therapeutic agent may be obtained by being separated from a
living body. However, since 15K granulysin is a trace com-
ponent in a living body, it is preferable to be used as a recom-
binant protein obtained by expressing a gene encoding 15K
granulysin. Alternatively, it is also a suitable means to pro-
duce 15K granulysin in a living body, utilizing 15K granul-
ysin in vivo expression vector in which a gene encoding 15K
granulysin is incorporated, as an active ingredient.

B. Preparation of 15K Granulysin Recombinant Protein

A sequence of a gene encoding 15K granulysin has been
already reported (Jongstra, et al., J. Exp. Med, 165, 601),
specifically, a gene having a nucleotide sequence represented
by SEQ ID NO: 1. Based on this, a gene encoding 15K
granulysin is effectively prepared to express this gene, which
results in preparing a recombinant protein of 15K granulysin.

Specifically, the nucleotide chains that are complementary
to both ends of a sequence of a gene encoding 15K granulysin
are used as amplification primers, and a gene amplification
method such as a PCR method is used to prepare a gene
amplification product of the gene encoding 15K granulysin.

This is incorporated into a suitable gene expression vector,
and suitable host such as Escherichia coli, Bacillus subtilis,
yeast and insect cell is transformed with such the recombinant
vector so as to produce a desired 15K granulysin.

It is preferable that, as a gene expression vector used
herein, a vector having a promoter and an enhancer at a region
upstream of a gene to be expressed, and a transcription ter-
mination sequence at a region downstream ofthe gene is used.

In addition, an expression of a 15K granulysin gene is not
limited to a direct expression system. For example, a fused
protein expression system utilizing a [3-galactosidase gene, a
glutathione-S-transferase gene or a thioredoxin gene may be
used.

As a gene expression vector using Escherichia coli as a
host, there are exemplified pQE, pGEX, pT7-7, pMAL, pTrx-
Fus, pET, and pNT26CII. As a gene expression vector using
Bacillus subtilis as a host, there are exemplified pPL608,
pNC3, pSM23, and pKHSO0.

In addition, as a gene expression vector using yeast as a
host, there are exemplified pGTS, pDB248X, pARTI1,
pREPI, YEp13, YRp7, and YCp50.

In addition, as a gene expression vector using a mammal
cell or an insect cell as a host, there are exemplified p91023,
pCDMS, pcDL-SRa296, pBCMGSNeo, pSV2dhfr,
pSVdhfr, pAc373, pAcYMI1, pRc/CMV, pREP4, and pcD-
NAL

These gene expression vectors may be selected depending
on the purpose of expression of 15K granulysin. For example,
when 15K granulysin is expressed, it is preferable to select a
gene expression vector for which Escherichia coli, Bacillus
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subtilis or yeast may be selected as a host. When 15K granu-
lysin is expressed to show an assuredly activity even at a small
amount, it is preferable to select a gene expression vector for
which a mammal cell or an insect cell may be selected as a
host.

In addition, it is possible to select the existing gene expres-
sion vector as described above, but a gene expression vector
may be appropriately produced depending on a purpose, and
this may be of course used.

Transfection of the above-mentioned gene expression vec-
tor in which a 15K granulysin gene is incorporated, into a host
cell, and a transformation method therewith may be per-
formed by the general method, for example, a calcium chlo-
ride method, and an electroporation method are used in the
case of using Escherichia coli and Bacillus subtilis as a host
cell, and a calcium phosphate method, an electroporation
method and a liposome method are used in the case of using
a mammal cell and an insect cell as a host.

The obtained transformant is cultured according to the
conventional methods so as to accumulate a desired 15K
granulysin. Medium used in such the culture may be appro-
priately selected depending on the characteristics of a host.
For example, LB medium and TB medium may be appropri-
ately used in the case of using Escherichia coli as ahost, and
RPMI1640 medium may be appropriately used in the case of
using mammal cells as a host.

15K granulysin may be isolated and purified from the
obtained culture according to the conventional method. For
example, various treating operations utilizing physical and/or
chemical nature of 15K granulysin may be used.

Specifically, treatment with a protein precipitating agent,
ultrafiltration, gel filtration, high performance liquid chroma-
tography, centrifugation, electrophoresis, affinity chromatog-
raphy using a specific antibody, and dialysis method can be
used alone or by combining these methods.

As described above, 15K granulysin can be separated and
purified. By using 15K granulysin as an active ingredient in a
therapeutic agent for infections, it is introduced into a mac-
rophage in blood, and activated therein to kill and injure
infection-inducing bacteria, viruses and fungi which have
been phagocytosed by a macrophage. This enables to treat
infectious diseases caused by these microoraganisms. As
described above, unlike 9K granulysin, 15K granulysin does
not show cytotoxicity in per se, and its effects as a therapeutic
agent for infectious diseases having little side effect due to
administration are expected.

C. Preparation of 15K Granulysin In Vivo Expression Vector

An active ingredient of the present therapeutic agent is a
recombinant vector, which is an in vivo expression vector in
which a gene encoding 15K granulysin used for expressing
the aforementioned recombinant protein is incorporated.

Examples of the in vivo expression vector are not limited
to, but include an adenovirus vector and a retrovirus vector.
For an in vivo expression vector, for example, the aforemen-
tioned virus gene is incorporated into a cosmid vector, and a
gene capable of expressing 15K granulysin is further incor-
porated into the cosmid vector and then, this cosmid vector
and a parent virus DNA-TP which has been treated with a
restriction enzyme are transfected into 293 cells, whereby,
homologous recombination occurs in the 293 cells, thus, a
desired in vivo expression vector is produced.

D. Present Therapeutic Agent Comprising 15K Granulysin
Recombinant Protein as Active Ingredient, and Treating
Method Using the Same

According to one embodiment, the present therapeutic
agent comprises 15K granulysin as an active ingredient and,
at the same time, an appropriate pharmaceutical preparation
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carrier may be comprised to form a preparation composition
(of course, only 15K glanulysin is possible). As a pharmaceu-
tical preparation carrier, for example, excipients and diluents
such as fillers, bulking agents, binders, wetting agents, stabi-
lizers, solubilizers, disintegrating agents and surface active
agents which are conventionally used as a pharmaceutical
preparation carrier may be freely selected depending on a
specific dosage form. A form of a preparation composition is
not particularly limited as far as 15K granulysin is effectively
used in treatments of infectious diseases. For example, solid
agents such as tablets, powders, granules and pills, and also
injectable forms such as solutions, suspensions and emul-
sions may be used. An appropriate carrier to 15K granulysin
may be added to produce a dried agent, which is formulated to
be liquid upon use.

A dose amount of the thus obtained present therapeutic
agent may be appropriately selected depending on an admin-
istration method and an administration form of an agent, and
symptom of a patient. It is preferable to administer 10,000
1g/50 kg of 15K granulysin protein, which is an active ingre-
dient, once per day or by dividing into a few times per day, and
6 times at a few dates interval, but it is not limited thereto.

Such the various forms of pharmaceutical preparations
may be administered by an appropriate administration route
depending on its form, for example, by intravenous, intra-
muscular, intraosseous, intra-articular, subcutaneous, intra-
cutaneous, or intraperitoneal administration in the case of an
injectable form, or by oral or enteral administration in the
case of a solid agent form.

E. Present Therapeutic Agent Comprising 15K Granulysin In
Vivo Expression Vector as Active Ingredient and Treating
Method Using the Same

According to another embodiment, 15K granulysin in vivo
expression vector is used as a therapeutic agent because 15K
granulysin does not require perforin and it has an antibacterial
effect. That is, perforin is required in the case of 9K granul-
ysin, thus, even if a 9K granulysin in vivo expression vector is
created, perforin should be administered to the area in which
9K granulysis is expressed, and therefore this is impractical.
In addition, perforin may induce side effect if administered.
However, 15K granulysin does not require perforin and 15K
granulysin has antibacterial effect by itself, so that a 15K
granulysin in vivo expression vector is used as an active
ingredient in the therapeutic agent.

The in vivo expression vector, which is prepared as
described above, is isolated and purified, and subsequently
administrated to a living body in order to produce 15K granu-
lysin in the living body, which results in exhibiting the phar-
macological effect of 15K granulysin.

A dosage form of the 15K granulysin in vivo expression
vector is generally an injectable form, and it may be admin-
istered by intravenous, intramuscular, intraosseous, intra-ar-
ticular, subcutaneous, intracutaneous or intraperitoneal
administration. A dose of the present therapeutic agent may
be appropriately selected depending on an administration
method and an administration form of an agent, and symptom
of a patient, but being not limited.

Generally, it is preferable to appropriately administer

2,000 pg/50 kg of the 15K granulysin in vivo expression
vector as an active ingredient once per day, and 6 times at a
few dates interval.
F. Present Therapeutic Agent Comprising 15K granulsin
Recombinant Protein and 15K Granulysin In Vivo Expression
Vector as Active Ingredient and Treatment Method Using the
Same)
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Combined use of 15K granulsin recombinant protein and
15K granulysin in vivo expression vector enables to show
stronger killing effect on bacteria than independent use of the
above.

A form of the agent and an administration method are as
described above. A dose amount may be appropriately
selected depending on an administration method and an
administration form of an agent, and symptom of a patient. It
is preferable to administer 10,000 pg/50 kg of the 15K granu-
lysin recombinant protein once per day or by dividing into a
few times per day and 6 times at a few dates interval, while it
is preferable to administer 2,000 pug/50 kg of the 15K granu-
lysin in vivo expression vector once per day and 6 times at a
few dates interval, but it is not limited thereto.

A dosage form of the 15K granulysin in vivo expression

vector is generally an injectable form. Also, 15K granulysin
in vivo expression vector may be prepared in an injectable
form by adding an appropriate carrier thereto. Then, the 15K
granulysin recombinant protein and the 15K granulysin in
vivo expression vector in the injectable forms may be admin-
istered by intravenous, intramuscular, intraosseous, intra-ar-
ticular, subcutaneous, intracutaneous, or intraperitoneal
administration at the same time or alternately at a given inter-
val.
G. Present Therapeutic Agent Comprising 15K Granulsin
Recombinant Protein and at least one Interleukin Selected
from Interleukin 6, Interleukin 23 or Interleukin 27 as Active
Ingredient, and Treatment Method using the same

Combined use of the 15K granulysin recombinant protein
and at least one interleukin selected from interleukin 6, inter-
leukin 23 or interleukin 27 as active ingredients enables to
show killing effects on bacteria than independent use of the
above materials.

According to yet another embodiment, the therapeutic
agent comprises the 15K granulysin recombinant protein and
at least one interleukin selected from interleukin 6, interleu-
kin 23 or interleukin 27 as active ingredients. An appropriate
pharmaceutical preparation carrier may be comprised thereto
in order to form a preparation composition, as well as the case
of'using 15K granulysin recombinant protein by itself. As for
a pharmaceutical preparation carrier, for example, excipients
and diluents such as fillers, bulking agents, binders, wetting
agents, stabilizers, solubilizers, disintegrating agents and sur-
face active agents which are conventionally used as a phar-
maceutical preparation carrier may be freely selected depend-
ing on a specific dosage form. A form of a preparation
composition is not particularly limited as far as both the 15K
granulysin recombinant protein and the at least one interleu-
kin selected from interleukin 6, interleukin 23 or interleukin
27 are effectively used in treatments of infectious diseases.
For example, solid agents such as tablets, powders, granules
and pills, and also injectable forms such as solutions, suspen-
sions and emulsions may be used. An appropriate carrier to
the 15K granulysin recombinant protein and the at least one
interleukin selected from interleukin 6, interleukin 23 or
interleukin may be added to produce a dried agent, which is
formulated to be liquid upon use.

A dose amount of such the therapeutic agent may be appro-
priately selected depending on an administration method and
an administration form of an agent, and symptom of a patient.
It is preferable to administer 10,000 pug/50 kg of 15K granu-
lysin recombinant protein and 2,500 pg/50 kg in the case of
1L6, 5,000 png/50 kg in the case of 11.23, or 2,500 ug/50 kg in
the case of [.27, which are active ingredients, once per day or
by dividing into a few times per day, and 6 times at a few dates
to more than 1 week interval, but not limited thereto. The
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administrations of the two materials may be performed at the
same time or alternately at a given interval.

Because a combination of 15K granulysin protein and
interleukin exhibits strong killing effects on bacteria, it is
possible to reduce the treatment times to 3 times.

Such the various forms of pharmaceutical preparations

may be administered by an appropriate administration route
depending on its form, for example, by intravenous, intra-
muscular, intraosseous, intra-articular, subcutaneous, intra-
cutaneous, or intraperitoneal administration in the case of an
injectable form, or by oral or enteral administration in the
case of a solid agent form.
H. Present Therapeutic Agent Comprising 15K Granulsin In
Vivo Expression Vector and at least one Interleukin Selected
from Interleukin 6, Interleukin 23 or Interleukin 27 as Active
ingredient and Treatment Method Using the Same

Combined use of the 15K granulysin in vivo expression
vector and the at least one interleukin selected from interleu-
kin 6, interleukin 23 or interleukin 27 as active ingredients
enables to show killing effects on bacteria than independent
use of the above materials.

According to yet another embodiment, the present thera-
peutic agent comprises the 15K granulysin in vivo expression
vector and the at least one interleukin selected from interleu-
kin 6, interleukin 23 or interleukin 27 as active ingredients,
and an appropriate pharmaceutical preparation carrier is also
comprised thereto in order to form a preparation composition.
A dose amount of such the therapeutic agent may be appro-
priately decided depending on an administration method and
an administration form of an agent, and symptom of a patient.
It is preferable to administer 2,000 pg/50 kg of the 15K
granulysin in vivo expression vector once per day and 6 times
at a few dates to more than 1 week interval, while it is pref-
erable to administer 2, 500 ug/50 kg in the case of IL-6, 5, 000
1g/50 kg in the case of IL.-23, and 2, 500 pug/50 kg in the case
of IL-27, once per day or by dividing into a few times per day
and 6 times at a few dates to more than 1 week interval, but it
is not limited thereto.

A dosage form of the 15K granulysin in vivo expression

vector is generally an injectable form. Also, the at least one
interleukin selected from I1.-6, 1L.-23, or IL.-27 may be pre-
pared in an injectable form by adding an appropriate carrier
thereto. Then, the both materials in the injectable forms may
be administered at the same time or alternately at a given
interval.
1. Present Therapeutic Agent Comprising 15K Granulsin In
Vivo Expression Vector and HSP65DNA and IL-12DNA in
vivo expression vectors as Active Ingredient, and Treatment
Method Using the Same

A dosage form of the 15K granulsin in vivo expression
vector and an HSP65DNA and IL-12DNA in vivo, expression
vectors is generally an injectable form, and it may be admin-
istered by intravenous, intramuscular, intraosseous, intra-ar-
ticular, subcutaneous, intracutaneous or intraperitoneal
administration. A dose of such the present therapeutic agent
may be appropriately selected depending on an administra-
tion method and an administration form of an agent, and
symptom of a patient, but being not limited.

Generally, it is preferable to administer 2,000 pug/50 kg of
15K granulysin in vivo expression vector and 2,000 pg/50 kg
of'the HSP65DNA and IL-12DNA in vivo expression vectors,
which are active ingredients, once per day, and 6 times at a
few dates interval.

Because a combination of 15K granulysin in vivo expres-
sion vector and HSP65DNA and IL.-12DNA in vivo expres-
sion vectors exhibits strong killing effects on bacteria, it is
possible to reduce the treatment times to 3 times.
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EXAMPLE

Examples of the present invention will be described below.

Test Example

Study of Antibacterial Effect on Mycobacterium
tuberculosis (M. tuberculosis) when 15K Granulysin
and a Macrophage are Present Together

(1) Preparation of Monoclonal Antibody Specific for 15K
Granulysin

A RNA was extracted from human peripheral blood lym-
phocyte which had been cultured in the presence of 100 to 200
unit/ml of IL-2 (2x10° cells/ml of human peripheral blood
lymphocytes were cultured at 37° C. under 5% CO? incubator
for 10 days in RPMI1640 medium containing 10% fetal
bovine serum) by the conventional method, and this RNA was
used as a template for a RT-PCR method (PCR primerl: SEQ
ID NO:2, PCR primer 2:SEQ ID NO: 3), to synthesize a gene
part containing a region encoding a full length protein of 15K
granulysin [Jongstra et al., J. Exp. Med, 165, 601: part corre-
sponding to amino acid sequence of SEQ ID NO:1] as the
amplification product of a complementary DNA (cDNA).
This cDNA encoding a full length protein of 15K granulysin
was incorporated into pRc/CMV or pcDL-SRa296 which is a
mammal expression vector, the resulting recombinant vector
was dissolved in a physiological saline, and a mouse was
immunized with the solution subcutaneously or intracutane-
ously. After 4 to 5 times immunization at an interval of 1 to 2
weeks, spleen cells obtained from mouse for which increase
in an antibody titer was observed by an indirect fluorescent
antibody method (performed according to the method
described later) was cell-fused according to the conventional
method. Then, a hybridoma producing an antibody which
specifically binds to granulysin was searched again with an
indirect fluorescent antibody method. That is, the cells were
transfected with the aforementioned gene encoding 15K
granulysin, the expressed cells (Cos7) was fixed with 4%
paraformaldehyde, membranes were solubilized with 0.5%
Tween 20, the culture supernatant of hybridoma cells was
added thereto to react with an antibody, subsequently this was
reacted with a fluorescently labeled anti-mouse IgG antibody
to detect fluorescence, and whereby, a hybridoma producing
an antibody which specifically binds to granulysin was
screen. As a result, 9 hybridomas producing antibodies which
specifically bind to granulysin were obtained. Using the cul-
ture supernatant of each of the resulting hybridomas, ammo-
nium sulfate precipitation and purification by Protein G col-
umn were performed to prepare two kinds of monoclonal
antibodies to 15K granulysin. Hereinafter, these are referred
to monoclonal antibody RF10 (which binds to 15K granul-
ysin, but does not bind to 9K granulysin) and monoclonal
antibody RCS8 (which binds to both 15K granulysin and 9K
granulysin).
(2) Preparation of Polyclonal Antibody to 15K Granulysin

A rabbit was immunized with a conjugate of a partial
amino acid sequence (29 amino acids) of granulysin (J. Exp.
Med. 165:601-614 (1987), J. Exp. Med., 172:1159-1163
(1990)): Arg Thr Gly Arg Ser Arg Trp Arg Asp Val Cys Arg
Asn Phe Met Arg Arg Tyr Gln Ser Arg Val Thr Gln Gly Leu Val
Ala Gly (N5-1: SEQ ID NO: 4) and limpet hemocyanin
according to the conventional method, to obtain anti-serum.
The resulting antiserum was purified by ammonium sulfate
precipitation and Protein G column, and further purified by
affinity chromatography using a column bound with the
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aforementioned synthetic peptide (N5-1), to prepare a poly-
clonal antibody (anti-N5-1 antibody) to granulysin.

(3) Preparation of Granulysin-Containing Culture Superna-
tant

A gene recombinant vector was produced by incorporating
a nucleotide chain of a nucleotide sequence encoding a part
corresponding to 15K granulysin protein, among a nucleotide
sequence of SEQ ID NO: 1, into pFLAG-CMYV vector (manu-
factured by Sigma) according to the conventional method. As
a control, pFLAG-CMYV vector in which gene recombination
was not performed, was used. Each of these gene recombinant
vectors was transfected into a Cos7 cell, and this was cultured
at 37° C. under 5% CO? for 72 hours in DMEM medium
(manufactured by Gibco). After completion ofthe culture, the
culture was centrifuged (2500 rpm, 20 min, 4° C.) to obtain
the culture supernatant.

Regarding each of the culture supernatants, the proteins
were separated by SDS-PAGE. After the protein was trans-
ferred from a gel of electrophoresed SDS-PAGE to a nylon
membrane, the membrane was blocked with blocking solu-
tion (1% skim milk/washing solution). Monoclonal antibody
RF10 specific for 15K granulysin was bound to the blocked
membrane, and enzyme-labeled anti-mouse antibody and
color developing substrate were acted on these, to generate
the colored band. As a result, in the supernatant obtained by
expressing a gene encoding 15K granulysin protein, a band
exhibiting a molecular weight of 15K appeared. However, in
the control, this band was not observed. In addition, when the
similar test was performed using a polyclonal antibody N5-1
binding to 15K and 9K granulysins, a band showing 15K was
observed, but a band showing 9K was not observed.

From this result, it was revealed that 15K granulysin was
specifically present in the aforementioned granulysin culture
supernatant, but granulysin was not present in the control
culture supernatant.

(4) Study of Antibacterial Effect

Lymphocyte separated from human blood was suspended
in a culture (RPMI1640, 10% human serum) to be 2x107 cells
per 1 ml medium in a plastic culture plate (24 wells/plate)
according to the conventional method. Each 1 ml of the
medium was dispensed into each well, allowed to leave at 37°
C. for 24 hours. Lymphocyte was adhered to a plate surface
wall and, in this adherent macrophage, antibacterial effect of
15K granulysin was studied.

Then, 1 ml of RPMI1640 (10% human serum) was added
to a well, M. tuberculosis (H37Rv, 1x10° to 1x10° cfu) was
static-cultured at 37° C. for 4 to 12 hours under 5% CO?, to
infect macrophages with M. tuberculosis. After the comple-
tion of the infection, each 1 ml of supernatant containing 15K
granulysin (Grn supernatant) and supernatant in the absence
of 15K granulysin (Cont supernatant) was added to a well,
this was static-cultured for 2 to 12 hours under the same
conditions.

After completing the culture, the culturing supernatant was
removed, the adhered cells in a plate were washed with PBS
three times, M. tuberculosis in the cell was extracted with
total 5 ml of 1% aqueous saponin solution. This extract was
diluted, seeded on a plate agar medium [7H11 medium
(manufactured by Gibco)| and static-cultured at 37° C. for 14
days, and then the number of colonies of M. tuberculosis was
counted.

The results are shown in FIG. 1.

InFIG. 1, Cont denotes a control culturing supernatant, and
Grn denotes a granulysin culture supernatant. A coordinate
axis denotes the number of colonies. 1 on an abscissa axis
denotes the results obtained by contacting macrophages, M.
tuberculosis and the culture supernatant, as described above.
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2 denotes the result obtained by static-culturing each culture
supernatant and M. tuberculosis in the absence of macroph-
ages as the same way as 1, washing this, static-culturing this
in a 7H11 plate agar medium, and influence of M. tuberculo-
sis on non-specific adsorption in a plate was confirmed. 3
denotes the result obtained by static-culturing each 1 ml of the
culture supernatant and M. tuberculosis at 37° C. for 2 hours
in the aforementioned culture plate, and static-culturing this
in a 7H11 plate agar medium.

As a result, it was revealed that 15K granulysin has anti-
bacterial effect on M. tuberculosis by intervention of mac-
rophages. When there is no intervention of macrophages,
antibacterial effect of 15K granulysin on M. tuberculosis was
not perceived.

By the aforementioned Test Example, antibacterial activity
was shown in 15K granulysin, and it was revealed that 15K
granulysin can be used as an active ingredient of a therapeutic
agent for infections. It has been reported that, when 15K
granulysin was transfected into cells such as Cos7 cells, HelLa
and PC12, 15K granulysin was detected in the culture super-
natant, but there was no damage in the cells. When 9K granu-
lysin was used in place of 15K granulysin in the presence of
perforin, cytotoxic activity or apoptosis is induced (Pena, S.
V. etal, I. Immunol., 158, 2680-2688(1997)).

(Synergetic Effect)

Next, improvements of killing effect on bacteria by using
(1) 15K granulysin recombinant protein and 15K granulysin
in vivo expression vector, (2) 15K granulysin recombinant
protein and at least one interleukin selected from IL.-6, I1.-23
or IL.-27, (3) 15K granulysin in vivo expression vector and at
least one interleukin selected from 1L-6, IL.-23 or IL-27, and
(4) 15K granulysin in vivo expression vector and HSP65SDNA
and 1L.-12 DNA in vivo expression vectors.

“Synergetic effect” used herein means effect when a com-
bined use of more than two materials improves killing effect
on bacteria compared to an independent use of the materials.

G1 to G10 groups used in the examples are shown in FIG.
1.

<FIG. 1>

G1 Control

15K granulysin recombinant protein and 15K granuysin
in vivo expression vector were administered on the
same day.

15K granulysin recombinant protein and Interleukin
(IL-6 or IL-23) were administered alternately.

15K granulysin in vivo expression vector and
interleukin (IL-23 or IL-27) were administered
alternately.

Only 15K granulysin recombinant protein was
administered in the same day as the administration
of 15K granulysin recombinant protein in G2 or G3.
Only 15K granulysin in vivo expression vector was
administered in the same day as the administration
of 15K granulysin in vivo expression vector in G2,
G4 or G11.

Only interleukin (IL-6, IL-23 or IL-27) was
administered in the same day as the administration
of Interleukin in G3 or G4.

15K granulysin in vivo expression vector was
administered in the first half of the experimental
period, and interleukin (IL-6) was administered in
the last half of the experimental period.

Only interleukin (IL-6) was administered in the same
day as the administration of interleukin in G9.

15K granulysin in vivo expression vector and HSP65DNA
and IL-12 DNA in vivo expression vectors were
administered alternately.

Only HSP65DNA and IL-12 DNA in vivo expression
vectors were administered in the same day as the

G3

G4

G5

G6

G7

G9

G10

Gl11

G12

10

15

25

30

35

40

45

50

55

60

65

12

-continued

<FIG. 1>

administration of HSP65DNA and IL-12 DNA in vivo
expression vectors in G11.

(Reagent)

15K granulysin recombinant protein was obtained from
R&D System Co (Minneapolis, Minn.). I[.-6 was obtained
from Miltenyi Biotec Co. (Auburn, Calif.). Recombinant
mouse 1L-23 and recombinant mouse IL-27 were obtained
from R&D System Co.

15K granulysin in vivo expression vector was prepared by
inserting 15K granulysin gene into CAG vector, and incorpo-
rating the obtained vector into an envelope of Sendai virus
(HVI: Hemagglutinating Virus of Japan). HSP65DNA and
IL-12 DNA in vivo expression vectors were prepared by
inserting their genes respectively into pcDNA3.1 vectors, and
incorporating the obtained vectors into an envelope of Sendai
virus (HV]: Hemagglutinating Virus of Japan). DBA/1 and
BALB/c mice were used. These mice are easily infected by M.
tuberculosis. For statistical analysis, Student’s t Test was
used.

In the following examples, in the case of an administration
of 15K granulysin recombinant protein, 4 pg was adminis-
tered per 1 mouse (20 g) per day. In the case of an adminis-
tration of granulysin in vivo expression vector, 100 ug/0.2 ml
was intramuscularly administered per 1 mouse (20 g) per day
by 50 pg in an anterior tibial muscle in both sides of inferior
limbs. In the case of an administration of IL.-6, 1 ug per 1
mouse (20 g) per day (>=5x10* International Unit), in the
case ofan administration of IL.-23, 2 ug per 1 mouse (20 g) per
day (>=5x10* International Unit), and in the case of an
administration of I1.-27, 1 pug per 1 mouse (20 g) per day
(>=5%10" International Unit) were intraperitoneally admin-
istered by dividing the amounts to three (by %5).

M. tuberculosis to be used for the infection was M. tuber-
culosis H37Rv (human type). In the case of an intraperitoneal
infection of M. tuberculosis, 1x10” CFU was suspended with
0.2 ml of saline, and this was administered intraperitoneally.
In the case of a lung infection (intratracheal infection) of M.
tuberculosis, 1x10°> CFU was administered into a respiratory
passage of the mouse in an aerosol chamber.

Experiment 1

Synergetic Effect of 15K Granulysin Recombinant
Protein and 15K Granulysin In Vivo Expression
Vector on M. Tuberculosis when Infected
Intraperitoneally

8 weeks old DBA/1 mice was intraperitoneally infected
with M. tuberculosis. The mice were divided into a group with
no administration (G1), a group with administrations of 15K
granulysin recombinant protein and 15K granulysin in vivo
expression vector ((G2), a group with an administration of
only 15K granulysin recombinant protein (G5), and a group
with an administration of only 15K granulysin in vivo expres-
sion vector (G6).

In G2, 15K granulysin recombinant protein was adminis-
tered 4 times at intervals, and 15K granulysin in vivo expres-
sion vector was administered 7 times at intervals. In G5, only
15K granulysin recombinant protein, and in G6, only 15K
granulysin in vivo expression vector, were administered
respectively on the same day as G2. Nothing was adminis-
tered in G1.
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Then, these mice were dissected after euthanasia to obtain
liver tissues including liver cells. The obtained tissues were
homogenized and cultured on a 7H11 plate agar medium for
14 days. The number of colonies of M. tuberculosis was
counted.

As a result, the number of colonies in G2 was fewer than
those in G5 and G6. The numbers of colonies of 3 mice from
each group were put in log, in order to perform a statistical
analysis, and the number of M. tuberculosis in G2 was more
reduced than those in G5 and G6 with a statistically signifi-
cant difference (p<0.05).

In addition, the statistical analysis was performed in G1,
which is a control, and G2, G5 and G6 in the same way, and
the numbers of M. tuberculosis in G2, G5 and G6 were more
reduced than that in G1 with a statistically significant differ-
ence (p<0.05) (See FIG. 2).

Accordingly, 15K granulysin recombinant protein and
15K granulysin in vivo expression vector independently
exhibit effects in a liver, however, the combination of the
above enables to significantly improve the killing effect on M.
tuberculosis and show the synergetic effect.

Experiment 2

Synergetic Effect of 15K Granulysin Recombinant
Protein and IL-6 on M. tuberculosis in DBA/1
Mouse

8 weeks old DBA/1 mice was lung-infected with M. tuber-
culosis in an aerosol chamber. The mice were divided into a
group with no administration (G1), a group with administra-
tions of 15K granulysin recombinant protein and IL-6 (G3), a
group with an administration of only 15K granulysin recom-
binant protein (G5), and a group with an administration of
only IL-6 (G7).

In G3, 15K granulysin recombinant protein and IL.-6 were
alternately administered 6 times each. In G5, only 15K granu-
lysin recombinant protein, and in G7, only IL-6, were admin-
istered 6 times respectively. Nothing was administered in G1.

Then, these mice were dissected after euthanasia to obtain
spleen tissues including spleen cells. The obtained tissues
were homogenized and cultured on a 7H11 plate agar medium
for 14 days. The number of colonies of M. tuberculosis was
counted.

As a result, the number of colonies in G3 was fewer than
those in G5 and G7. The numbers of colonies of 3 mice from
each group were put in log, , in order to perform the statistical
analysis, and the number of M. tuberculosis in G3 was more
reduced than those in G5 and G7 with a statistically signifi-
cant difference (p<0.05).

In addition, the statistical analysis was performed in G1,
which is a control, and G3, G5 and G7 in the same way, and
the numbers of M. tuberculosis in G3, G5 and G7 were more
reduced than that in G1 with a statistically significant differ-
ence (p<0.05) (See FIG. 3).

Accordingly, 15K granulysin recombinant protein and I1-6
independently show the effect in a spleen, however, the com-
bination of the above enables to significantly improve the
killing effect on M. tuberculosis, and show the synergetic
effect.

Experiment3

Synergetic Effect of 15K Granulysin In Vivo
Expression Vector and IL.-6 on M. tuberculosis

8 weeks old DBA/1 mice was lung-infected with M. tuber-
culosis in an aerosol chamber. The mice were divided into a
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group with no administration (G1), a group with administra-
tions of 15K granulysin in vivo expression vector and IL-6
(G9), a group with an administration of only 15K granulysin
in vivo expression vector (G6), and a group with an admin-
istration of only 1L.-6 (G10).

In G9, 15K granulysin in vivo expression vector and IL-6
were administered 6 times respectively. 15K granulysin in
vivo expression vector was administered in the first half of the
experimental period, and IL-6 was administered in the last
half ofthe experimental period. In G6, only 15K granulysin in
vivo expression vector, and in G10, only 1L.-6, were admin-
istered 6 times respectively. Nothing was administered in G1.

Then, these mice were dissected after euthanasia to obtain
spleen tissues including spleen cells. The obtained tissues
were homogenized and cultured ona 7H11 plate agar medium
for 14 days. The number of colonies of M. tuberculosis was
counted.

As a result, the number of colonies in G9 was fewer than
those in G6 and G10. The numbers of colonies of 3 mice from
each group were put in log; , in order to perform the statistical
analysis, and the number of M. tuberculosis of G9 was more
reduced than those of G6 and G10 with a statistically signifi-
cant difference (p<0.05).

In addition, the statistical analysis was performed in G1,
which is a control, and G9, G6 and G10 in the same way, and
the numbers of M. tuberculosis in G9, G6 and G10 were more
reduced than that in G1 with a statistically significant differ-
ence (p<0.05) (See FIG. 4).

Accordingly, the combined use of 15K granulysin in vivo
expression vector and 1L.-6 significantly improves the killing
effect on M. tuberculosis in a spleen compared to the inde-
pendent use of the above materials, and show the synergetic
effect.

Experiment 4

Synergetic Effect of 15K Granulysin Recombinant
Protein and IL-6 on M. tuberculosis in BALB/c
Mouse

BALB/c mice, which are commonly used in experiments
of tuberculosis infection, were lung-infected with M. tuber-
culosis in an aerosol chamber. The mice were divided into a
group with no administration (G1), a group with administra-
tions of 15K granulysin recombinant protein and IL-6 (G3), a
group with an administration of only 15K granulysin recom-
binant protein (G5), and a group with an administration of
only IL-6 (G7).

In G3, 15K granulysin recombinant protein and IL-6 were
alternately administered 6 times each. In G5, only 15K granu-
lysin recombinant protein, and in G7, only IL-6, were admin-
istered 6 times respectively. Nothing was administered in G1.

Then, these mice were dissected after euthanasia to obtain
liver tissues including liver cells and lung tissues including
Iung cells. The obtained tissues were homogenized and cul-
tured on a 7H11 plate agar medium for 14 days. The number
of colonies of M. tuberculosis was counted.

As a result, the number of colonies in G3 was fewer than
those in G5 and G7. The numbers of colonies of 3 mice from
each group were put in log; , in order to perform the statistical
analysis, and the number of M. tuberculosis of G3 was more
reduced than those of G5 and G7 with a statistically signifi-
cant difference (p<0.05).

In addition, the statistical analysis was performed in G1,
which is a control, and G3, G5 and G7 in the same way, and
the numbers of M. tuberculosis in G3, G5 and G7 were more
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reduced than that in G1 with a statistically significant differ-
ence (p<0.05) (See FIG. 5 (Liver) and FIG. 6 (Lung)).
Accordingly, 15K granulysin and IL-6 exhibit effects in
liver and lung independently, however, the combination of the
above enables to significantly improve the killing effect on M.
tuberculosis and show the synergetic effect.

Experiment 5

Synergetic Effect of 15K Granulysin Recombinant
Protein and 15K Granulysin In Vivo Expression
Vector on M. Tuberculosis in DBA/1 Mouse when
Lung-Infected

8 weeks 0ld DBA/1 mice were lung-infected with M. tuber-
culosis in an aerosol chamber. The mice were divided into a
group with administrations of 15K granulysin recombinant
protein and 15K granulysin in vivo expression vector (G2), a
group with an administration of only 15K granulysin recom-
binant protein (G5), and a group with an administration of
only 15K granulysin in vivo expressing vector (G6).

In G2, 15K granulysin recombinant protein and 15K
granulysin in vivo expression vector were administered 6
times at intervals in the same day. In G5, only 15K granulysin
recombinant protein, and in G7, only 15K granulysin in vivo
expression vector, were administered 6 times respectively.

Then, these mice were dissected after euthanasia to obtain
liver tissues including liver cells. The obtained tissues were
homogenized and cultured on a 7H11 plate agar medium for
14 days. The number of colonies of M. tuberculosis was
counted.

As a result, the number of colonies in G2 was fewer than
those in G5 and G6. The numbers of colonies of 3 mice from
each group were put in log, , in order to perform the statistical
analysis, and the number of M. tuberculosis in G2 was more
reduced than those in G5 and G6 with a statistically signifi-
cant difference (p<0.05) (See FIG. 7).

Accordingly, the combination of 15K granulysin recombi-
nant protein and 15K granulysin in vivo expression vector in
liver significantly improve the killing eftect on M. tuberculo-
sis and show the synergetic effect.

Experiment 6

Synergetic Effect of 15K Granulysin Recombinant
Protein and 15K Granulysin In Vivo Expression
Vector on M. tuberculosis When Lung-Infected

8 weeks 0ld DBA/1 mice were lung-infected with M. tuber-
culosis in an aerosol chamber. The mice were divided into a
group with no administration (G1), a group with administra-
tions of 15K granulysin recombinant protein and 15K granu-
lysin in vivo expression vector ((G2), a group with an admin-
istration of only 15K granulysin recombinant protein (GS5),
and a group with an administration of 15K granulysin in vivo
expression vector (G6).

In G2, 15K granulysin recombinant protein and 15K
granulysin in vivo expression vector were alternately admin-
istered 6 times each in the same day. In G5, only 15K granu-
lysin recombinant protein, and in G6, only 15K granulysin in
vivo expression vector, were administered 6 times respec-
tively. Nothing was administered in G1.

Then, these mice were dissected after euthanasia to obtain
spleen tissues including spleen cells. The obtained tissues
were homogenized and cultured on a 7H11 plate agar medium
for 14 days. The number of colonies of M. tuberculosis was
counted.
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As a result, the number of colonies in G2 was fewer than
those in G5 and G6. The numbers of colonies of 3 mice from
each group were put in log, , in order to perform the statistical
analysis, and the number of M. tuberculosis in G2 was more
reduced than those in G5 and G6 with a statistically signifi-
cant difference (p<0.05).

In addition, the statistical analysis was performed in G1,
which is a control, and G2, G5 and G6 in the same way, and
the number of M. tuberculosis in G2 was more reduced than
those in G5 and G6 with a statistically significant difference
(p<0.05) (See FIG. 8).

Accordingly, 15K granulysin recombinant protein and
15K granulysin in vivo expression vector exhibit effects in
spleen independently, however, the combination of the above
enables to significantly improve the killing eftect on M. tuber-
culosis and show the synergetic effect.

Experiment 7

Synergetic Effect of 15K Granulysin Recombinant
Protein and IL-23 on M. tuberculosis

DBA/1 mice were lung-infected with M. tuberculosis in an
aerosol chamber. The mice were divided into a group with no
administration (G1), a group with administrations of 15K
granulysin recombinant protein and IL.-23 (G3), a group with
an administration of only 15K granulysin recombinant pro-
tein (G5), and a group with an administration of only I1L.-23
(G7).

InG3, 15K granulysin recombinant protein and I[.-23 were
alternately administered 6 times each. In G5, only 15K granu-
lysin, and in G7, only IL-23, were administered 6 times
respectively. Nothing was administered in G1.

Then, these mice were dissected after euthanasia to obtain
spleen, liver and lung tissues including spleen, liver and lung
cells respectively. The obtained tissues were homogenized
and cultured on a 7H11 plate agar medium for 14 days. The
number of colonies of M. tuberculosis was counted.

As a result, in all of spleen, liver and lung organs, the
number of colonies in G3 was fewer than those in G5 and G7.
The numbers of colonies of 3 mice from each group were put
in log,, in order to perform the statistical analysis, and the
number of M. tuberculosis in G3 was more reduced than those
in G5 and G7 with a statistically significant difference
(p<0.05).

In addition, the statistical analysis was performed in G1,
which is a control, and G3, G5 and G7 in the same way, and
the numbers of M. tuberculosis in G3, G5 and G7 were more
reduced than that in G1 with a statistically significant differ-
ence (p<0.05) (See FIG. 9 (spleen), FIG. 10 (liver), and FIG.
11 (lung)).

Accordingly, 15K granulysin and I1[.-23 independently
exhibit effects in all of spleen, liver and lung, however, the
combination of the above enables to significantly improve the
killing effect on M. tuberculosis and show the synergetic
effect.

Experiment 8

Synergetic Effect of 15K Granulysin In Vivo
Expression Vector and 11.-23 on M. tuberculosis

DBA/1 mice were lung-infected with M. tuberculosis in an
aerosol chamber. The mice were divided into a group with no
administration (G1), a group with administrations of 15K
granulysin in vivo expression vector and 11.-23 (G4), a group
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with an administration of only 15K granulysin in vivo expres-
sion vector (G6), and a group with an administration of only
1L-23 (G7).

In G4, 15K granulysin in vivo expression vector and 1[.-23
were alternately administered 6 times each. In G6, only 15K
granulysin in vivo expression vector, and in G7, only 1L.-23,
were administered 6 times respectively. Nothing was admin-
istered in G1.

Then, these mice were dissected after euthanasia to obtain
spleen tissues including spleen cells. The obtained tissues
were homogenized and cultured on a 7H11 plate agar medium
for 14 days. The number of colonies of M. tuberculosis was
counted.

As a result, the number of colonies in G4 was fewer than
those in G6 and G7. The numbers of colonies of 3 mice from
each group were put in log; , in order to perform the statistical
analysis, and the number of M. tuberculosis in G4 was more
reduced than those in G6 and G7 with a statistically signifi-
cant difference (p<0.05).

In addition, the statistical analysis was performed in G1,
which is a control, and G4, G6 and G7 in the same way, and
the numbers of M. tuberculosis in G4, G6 and G7 were more
reduced than that in G1 with a statistically significant differ-
ence (p<0.05) (See FIG. 12).

Accordingly, 15K granulysin in vivo expression vector and
1L-23 exhibit effects in spleen independently, however, the
combination of the above enables to significantly improve the
killing effect on M. tuberculosis and show the synergetic
effect.

Experiment 9

Synergetic Effect of 15K Granulysin In Vivo
Expression Vector and 1[.-27 on M. tuberculosis

BALB/c mice were lung-infected with M. tuberculosis in
an aerosol chamber. The mice were divided into a group with
administrations of 15K granulysin in vivo expression vector
and IL.-27 (G4), a group with an administration of only 15K
granulysin in vivo expression vector (G6), and a group with
an administration of only IL.-27 (G7).

In G4, 15K granulysin in vivo expression vector and I[.-27
were alternately administered 6 times each. In G6, only 15K
granulysin in vivo expression vector, and in G7, only 1L-27,
were administered 6 times respectively.

Then, these mice were dissected after euthanasia to obtain
lung tissues including lung cells. The obtained tissues were
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homogenized and cultured on a 7H11 plate agar medium for
14 days. The number of colonies of M. tuberculosis was
counted.

As a result, the number of colonies in G4 was fewer than
those in G6 and G7. The numbers of colonies of 3 mice from
each group were put in log; , in order to perform the statistical
analysis, and the number of M. tuberculosis in G4 was more
reduced than those in G6 and G7 with a statistically signifi-
cant difference (p<0.05) (See FIG. 13).

Accordingly, the combination of 15K granulysin in vivo
expression vector and I[.-27 in lung significantly improves
the killing eftect on M. tuberculosis and shows the synergetic
effect.

Experiment 10

Synergetic Effect of 15K Granulysin In Vivo
Expression Vector and HSP65DNA and IL.-12DNA
In Vivo Expression Vectors on M. tuberculosis

8 weeks 0ld DBA/1 mice were lung-infected with M. tuber-
culosis in an aerosol chamber. The mice were divided into a
group with administrations of 15K granulysin in vivo expres-
sion vector and HSP65DNA and IL.-12DNA in vivo expres-
sion vectors (G11), a group with an administration of only
15K granulysin in vivo expression vector (G6), and a group
with an administration of only HSP65DNA and I1.-12DNA in
vivo expression vectors (G12).

In G11, 15K granulysin in vivo expression vector and
HSP65DNA and IL-12DNA in vivo expression vectors were
alternately administered 6 times each. In G6, only 15K granu-
lysin in vivo expression vector, and in G12, only HSP65DNA
and IL-12DNA in vivo expression vectors, were administered
6 times respectively.

Then, these mice were dissected after euthanasia to obtain
liver tissues including liver cells. The obtained tissues were
homogenized and cultured on a 7H11 plate agar medium for
14 days. The number of colonies of M. tuberculosis was
counted.

As a result, the number of colonies in G11 was fewer than
those in G6 and G12. The numbers of colonies of 3 mice from
each group were put in log, , in order to perform the statistical
analysis, and the number of M. tuberculosis in G11 was more
reduced than those in G6 and G12 with a statistically signifi-
cant difference (p<0.05) (See FIG. 14).

Accordingly, the combined use of 15K granulysin in vivo
expression vector and HSP65DNA and IL-12DNA in vivo
expression vectors in liver significantly improves the killing
effect on M. tuberculosis compared to the independent use of
the above materials, and shows the synergetic effect.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4
<210> SEQ ID NO 1

<211> LENGTH: 745

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (129)..(563)

<400> SEQUENCE: 1

gtatctgtgg taaacccagt gacacggggyg
aaagattaag ctgcaggcte cctgeccata

geeccace atg get ace tgg gee cte
Met Ala Thr Trp Ala Leu

agatgacata caaaaagggc aggacctgag
aaacagggtyg tgaaaggcat ctcagegget

ctg ctc ctt geca gce atg cte ctg
Leu Leu Leu Ala Ala Met Leu Leu

60

120

170
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-continued

1 5 10

ggc aac cca ggt ctg gtc tte tet cgt ctg age cct gag tac tac gac 218
Gly Asn Pro Gly Leu Val Phe Ser Arg Leu Ser Pro Glu Tyr Tyr Asp
15 20 25 30

ctg gca aga gcc cac ctg cgt gat gag gag aaa tce tgce ccg tge ctg 266
Leu Ala Arg Ala His Leu Arg Asp Glu Glu Lys Ser Cys Pro Cys Leu
35 40 45

gee cag gag ggc ccc cag ggt gac ctg ttg acc aaa aca cag gag ctg 314
Ala Gln Glu Gly Pro Gln Gly Asp Leu Leu Thr Lys Thr Gln Glu Leu

gge cgt gac tac agg acc tgt ctg acg ata gtc caa aaa ctg aag aag 362
Gly Arg Asp Tyr Arg Thr Cys Leu Thr Ile Val Gln Lys Leu Lys Lys
65 70 75

atg gtg gat aag ccc acc cag aga agt gtt tec aat gct geg acce cgg 410
Met Val Asp Lys Pro Thr Gln Arg Ser Val Ser Asn Ala Ala Thr Arg
80 85 90

gtg tgt agg acg ggg agg tca cga tgg cge gac gtc tge aga aat tte 458
Val Cys Arg Thr Gly Arg Ser Arg Trp Arg Asp Val Cys Arg Asn Phe
95 100 105 110

atg agg agyg tat cag tct aga gtt acc cag gge cte gtg gec gga gaa 506
Met Arg Arg Tyr Gln Ser Arg Val Thr Gln Gly Leu Val Ala Gly Glu
115 120 125

act gcc cag cag atc tgt gag gac ctc agg ttg tgt ata cct tct aca 554
Thr Ala Gln Gln Ile Cys Glu Asp Leu Arg Leu Cys Ile Pro Ser Thr
130 135 140

ggt cce cte tgagccctet caccttgtee tgtggaagaa gcacaggcete 603
Gly Pro Leu

145
ctgtectcag atccecgggaa cctcagecaac ctetgecgge tectegette ctcegatccag 663
aatccactcet ccagtctcce tcccctgact cectetgetyg tectecccte tcacgagaat 723
aaagtgtcaa gcaagaaaaa aa 745
<210> SEQ ID NO 2
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
catctcagecg gctgccccac catg 24
<210> SEQ ID NO 3
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3
tgtatacctt ctacaggtcc cctctga 27
<210> SEQ ID NO 4
<211> LENGTH: 29
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Arg Thr Gly Arg Ser Arg Trp Arg Asp Val Cys Arg Asn Phe Met Arg
1 5 10 15

Arg Tyr Gln Ser Arg Val Thr Gln Gly Leu Val Ala Gly
20 25

What is claimed is:



US 9,233,142 B2
21

1. A treatment method comprising a step for administrating
a therapeutic agent for fuberculosis into a living body,
wherein
the therapeutic agent comprises as active ingredients:
avector in which a gene encoding 15K granulysin is incor- 5
porated to express 15K granulysin in vivo; and
at least one interleukin selected from the group consisting
of interleukin 6, interleukin 23 and interleukin 27,
whereby cytotoxicity is not shown in spite of not using
perforin as said therapeutic agent. 10
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